Context. Trumpler 23 is a moderately populated, intermediate-age open cluster within the solar circle at a R GC ∼ 6 kpc. It is in a crowded field very close to the Galactic plane and the color-magnitude diagram shows significant field contamination and possible differential reddening; it is a relatively understudied cluster for these reasons, but its location makes it a key object for determining Galactic abundance distributions. Aims. New data from the Gaia-ESO Survey enable the first ever radial velocity and spectroscopic metallicity measurements for this cluster. We aim to use velocities to isolate cluster members, providing more leverage for determining cluster parameters. Methods. Gaia-ESO Survey data for 167 potential members have yielded radial velocity measurements, which were used to determine the systemic velocity of the cluster and membership of individual stars. Atmospheric parameters were also used as a check on membership when available. Literature photometry was used to re-determine cluster parameters based on radial velocity member stars only; theoretical isochrones are fit in the V, V − I diagram. Cluster abundance measurements of ten radial-velocity member stars with high-resolution spectroscopy are presented for 24 elements. These abundances have been compared to local disk stars, and where possible placed within the context of literature gradient studies. Results. We find Trumpler 23 to have an age of 0.80 ± 0.10 Gyr, significant differential reddening with an estimated mean cluster E(V − I) of 1.02 +0.14 −0.09 , and an apparent distance modulus of 14.15 ± 0.20. We find an average cluster metallicity of [Fe/H] = 0.14 ± 0.03 dex, a solar [α/Fe] abundance, and notably subsolar [s-process/Fe] abundances.
Introduction
Open clusters (OCs) are very useful tools for the study of physics on stellar and Galactic scales. The astrophysical properties of stars can be isolated by studying a single-age population of stars in multiple evolutionary states; nucleosynthesis can also be probed with precise measurements of abundances of clusters in different age ranges. Because the dispersion in abundances between unevolved stars in a single cluster is typically small or nonexistent (see, e.g., Randich et al. 2006; De Silva et al. 2006; Liu et al. 2016) , many cluster stars can be used to gain a more accurate measurement of the primordial cluster abundance. Since a cluster is composed of a single age population, the evolutionary states of stars can be relatively easily determined with a colormagnitude diagram. Cluster parameters (age, distance, reddening, metallicity) can also be determined in this way, allowing clusters to be placed within the larger context of the evolution of the Galaxy.
A current topic of active research is the determination of radial abundance gradients for various groups of chemical elements across different regions of the Galactic disk. Open clusters and field stars can both be used as tracers of the chemical history of the disk, but clusters have more easily determined ages and distances, putting constraints on different epochs of Galaxy formation. They are also found at a large range of Galactocentric radii and ages, ranging from millions of years old to approximately 10 Gyr old ) and ∼5 to 24 kpc from the center of the Galaxy (Magrini et al. 2010; Carraro & Costa 2007) . Recent efforts have been made to provide a uniform age scale for OCs Bragaglia & Tosi 2006) , and to probe the outer regions of the disk (e.g., Carraro et al. 2004; Bragaglia et al. 2008; Sestito et al. 2008; Yong et al. 2012; Cantat-Gaudin et al. 2016) , the solar neighborhood (e.g., Frinchaboy et al. 2013) , and the inner disk (Magrini et al. 2010; Jacobson et al. 2016 ). However, relatively few OCs well inside the solar circle (R GC < 7 kpc) have parameter determinations due to observational challenges, and the measurements that do exist can be difficult to compare from study to study.
Several large studies address the need for observational data of many clusters exploring the Galactic parameter space on a common analysis and abundance scale, such as RAVE (Conrad et al. 2014) , LAMOST (Deng et al. 2012) , OCCASO (Casamiquela et al. 2016) , and OCCAM as part of APOGEE (Frinchaboy et al. 2013; Cunha et al. 2016) . The Gaia-ESO Survey (GES) is a public spectroscopic survey of stars in all components of the Milky Way using VLT FLAMES planned as a complement to the Gaia mission (Gilmore et al. 2012; Randich et al. 2013) . Observations and data analysis are currently underway, and the completed survey will cover some 100 000 stars in the Galaxy and ∼70 OCs. The GES will measure at least 12 elements (Na, Mg, Si, Ca, Ti, V, Cr, Mn, Fe, Co, Sr, Zr, and Ba) for a few thousand field stars and the full sample of OCs with high-resolution spectroscopy. This is one of a series of papers on OC data obtained and analyzed by GES focusing on the intermediate-age inner disk cluster Trumpler 23.
Trumpler 23 is a moderately well-populated OC located in the 4th quadrant of the Galaxy at l = 328.86
• , b = −0.47 • , close to the plane of the Galaxy toward the Galactic center. It is approximately 0.6 Gyr old and 2 kpc from the Sun (Carraro et al. 2006) , well inside the solar circle at an R GC ∼ 6 kpc. Due to previously noted complications with crowding, differential reddening (DR) and possible tidal effects (Bonatto & Bica 2007) membership determination via photometry is difficult and no previous spectroscopic studies exist. However, its location and characteristics make it an interesting candidate for further study. The GES is well positioned to take full advantage of Tr 23 observations because of its uniform data analysis pipelines and large potential number of comparison clusters at various Galactocentric radii (Magrini et al. 2014; Jacobson et al. 2016) .
The paper is structured as follows: in Sect. 2 we review previous literature studies of Trumpler 23; in Sect. 3 we describe the structure of the Gaia-ESO Survey and observations; in Sect. 4 we perform radial velocity membership selection; in Sect. 5 we detail atmospheric parameter determinations of target stars; in Sect. 6 we determine our own set of cluster parameters using literature photometry; in Sect. 7 we discuss abundance measurements; and in Sect. 8 we summarize our points and conclude. Trumpler (1930) first described Tr 23 as a sparse cluster of relatively faint stars not easily distinguished from its surroundings. The first data on Tr 23 were provided by van den Bergh & Hagen (1975) as part of a two-color survey of southern OCs; they classified it as a moderately well-populated cluster with a diameter of 6 .
Cluster parameters from the literature
There are two existing photometric studies of Trumpler 23 by Carraro et al. (2006) and Bonatto & Bica (2007) . Carraro et al. obtained Johnson-Cousins V, I c photometry for ∼11 000 stars in the field of Tr 23. They noted that the main sequence is unusually broad, which they attributed to DR or perhaps a high cluster binary fraction. They also pointed out that Tr 23 may be undergoing strong tidal interactions with the Galaxy because of its apparent elongated shape on the sky. They used Padova isochrones (Girardi et al. 2000a ) to estimate a cluster age of 0.6±0.1 Gyr assuming solar metallicity, although they noted that the age could vary from 0.5 to 1.5 Gyr depending on the true cluster metallicity. They also found a high reddening E(V − I) = 1.05 ± 0.05 (converted to an E(B − V) = 0.84), and derived cluster parameters of (m−M) V = 14.35±0.20, and d = 2.2 kpc (corresponding to a Galactocentric radius of 6.2 kpc if R = 8.0 kpc). Bonatto & Bica (2007) examined six clusters inside the solar circle that are located in crowded fields, including Tr 23. They used 2MASS J, H, and K s photometry to correct for field contamination and derive cluster parameters for Tr 23. In the cleaned CMD, the Tr 23 main sequence in J, J − H is still unusually broad. The authors found evidence of DR in an 80 × 80 field around Tr 23. The profile of the cluster after color-magnitude filtering is irregular across declination, and field star counts drop significantly toward higher declinations. The radial distribution of assumed photometric members in the Tr 23 field is not wellfit by a two-parameter King model, and does not appear to be a smooth distribution, which they also attribute to significant DR. The authors also noted that the inner disk clusters studied have unusually high mass densities and small limiting radii compared to solar neighborhood OCs, which would suggest strong Galactic tidal effects on Tr 23. Using Padova isochrones of solar metallicity as in Carraro et al. (2006) , they found a significantly lower reddening of E(B − V) = 0.58 ± 0.03, an age of 0.9 ± 0.1 Gyr, and a distance d = 1.9 ± 0.1 kpc.
Observations

Gaia-ESO survey methods
Data for GES are taken with the Fiber Large Array MultiElement Spectrograph (FLAMES) on the VLT at the European A68, page 2 of 18 Southern Observatory. FLAMES has two instruments, the medium-resolution multi-object spectrograph GIRAFFE and the high-resolution Ultraviolet and Visual Echelle Spectrograph (UVES; Pasquini et al. 2002) . The target selection, observation, data reduction, atmospheric parameter determination, and abundance measurements are handled by specific working groups (WGs) within the collaboration. Parameter and abundance determinations for each target are typically done by multiple subgroups within WGs called abundance analysis nodes, and the results of individual nodes are combined within each WG; the WG values are then homogenized to yield final recommended parameters. This structure produces homogenous parameter determinations while allowing WGs to specialize in different types of stars. The data described here come from the fourth internal data release (GESviDR4Final) which comprises a (re-)analysis of all available spectra taken before July 2014 using an updated linelist (Heiter et al. 2015) and analysis techniques. For more details about the data reduction, which will not be discussed here, see Sacco et al. (2014) and Lewis et al. (in prep.) .
Analysis of the GIRAFFE FGK star atmospheric parameters and abundances (using solar abundances by Grevesse et al. 2007 ) is handled by WG 10 (Recio-Blanco et al., in prep.), UVES FGK star parameters and abundances by WG 11 (Smiljanic et al. 2014) , and the homogenization of results from different subgroups by WG 15 (Hourihane et al., in prep.) . Smiljanic et al. (2014) describes in detail the methods used by individual nodes and the process of obtaining stellar parameters and abundances for FGK stars using UVES data. Multiple WG11 nodes measure abundances and atmospheric parameters using the same atomic data, solar abundances, and model atmospheres, but different methods. Some nodes determine atmospheric parameters using equivalent widths and minimizing abundance trends with excitation potential, line strength, etc., and some nodes compare observed spectra to spectral libraries. For abundance determinations, some nodes use automated or semi-automated equivalent width determinations and some use spectral synthesis software. The abundance homogenization process of GES makes use of a number of calibrating objects (clusters with many stars) to assess the precision of each abundance analysis technique, and Gaia benchmark stars (individually wellstudied stars with independently determined atmospheric parameters) to test the accuracy of abundance measurements and atmospheric parameters (Pancino et al., in prep.) . Node measurements of benchmark and calibration stars are used to evaluate the performance of each node in different parameter spaces; a final WG value for each star is determined by weighting each node's value by its accuracy in determining benchmark parameters. These weights are also used in determining final abundances. The evaluation of calibration and benchmark star abundances determined by individual nodes also ensure that uncertainties given for stellar abundances reflect the inherent uncertainties in the various measurement techniques.
Target selection for GES
For intermediate-age OCs with prominent red clumps, GES targets are selected as follows: likely clump stars are observed with UVES, so that the most time-intensive targets are most likely to be members, followed by probable red giants if the clump is sparse. Main sequence stars down to V = 19 are observed with GIRAFFE, using the HR9B setup primarily for stars of spectral type A to F and the HR15N setup for cooler stars. General GES target selection methods are outlined in Bragaglia et al. (in prep.) .
The field of Tr 23 is crowded, reaching 50% field star contamination at 5 (Carraro et al. 2006) ; careful target selection is required. Targets were chosen based on both the Carraro et al. (2006) V I photometry and 2MASS J, H, and K. 151 apparent main-sequence and giant stars were selected as GIRAFFE targets with 13.5 < V < 18 within 6 of the cluster center in order to limit field contamination, which increases with both distance from the cluster center and V magnitude. Tr 23 has a distinct red clump with relatively high membership probabilities, so 16 stars out of 21 in or near the clump and within 6 of the cluster center were selected as UVES targets.
Data were taken on the nights of 28 and 29 July and 13 and 14 September 2013. 54 GIRAFFE targets were observed with the HR15N setup only (6470-6790 Å and R = 17 000), 81 stars were observed with the HR9B setup only (5143-5356 Å and R = 25 900), and 16 targets were observed with both. UVES targets were observed with the U580 setup (4800-5800 Å and R = 47 000). The typical signal-to-noise ratios (S/N) achieved for the HR15N, HR9B, and U580 setups are ∼160, 60, and 90, respectively. The CMD and coordinates of target stars are shown in Fig. 1 .
Membership determination
Because Tr 23 has heavy field star contamination, radial velocities are very important in determining membership. GIRAFFE radial velocities have a typical error of ∼0.4 km s −1 , although stars with the highest rotational velocities or lowest S/N have errors up to several km s −1 (Jackson et al. 2015) ; UVES radial velocity errors are around 0.6 km s −1 (Sacco et al. 2014) . Figure 2 shows a histogram of UVES and GIRAFFE target velocities from −140 to 80 km s −1 (excluding the most discrepant GIRAFFE star). There is a clear peak in the velocity distribution around −60 km s −1 , but a wide range of field star velocities. Using an iterative 2σ clipping technique on the mean until <5% of stars were eliminated as outliers (13 iterations), we have determined a cluster velocity of −61.3 ± 1.9 km s −1 (s.d.) from 70 member stars within 2σ of the mean. Thus, ten out of the total of 16 UVES target stars have radial velocities consistent with the cluster compared to 60 out of 151 GIRAFFE targets (20 observed with HR15N setup only, 21 observed with HR9B setup only, and nine observed with both). The cluster radial velocity dispersion of 1.9 km s −1 is slightly higher than typical for OCs; Mermilliod et al. (2009) find a typical dispersion on cluster radial velocities of ∼1 km s −1 . However, considering the errors on the velocities and possible contamination by field stars and unresolved binaries, this is a reasonable dispersion.
As is clear from Fig. 2 , the field of Tr 23 has a significant number of field stars at a range of radial velocities, some of which will fall within the cluster radial velocity range (the minimum radial velocity of member stars selected by sigma clipping is −64.9 km s −1 and the maximum is −57.3 km s −1 ). We have used a Besançon star count model 1 to estimate the number of field stars falling within the cluster radial velocity limits (Robin et al. 2003) . Figure 2 shows the observed radial velocity distribution overlaid with the field radial velocity distribution predicted by the model. The predicted distribution is scaled to the total number of stars observed divided by the number of stars in the Carraro et al. (2006) photometry in the same V mag range. The scaled model predicts that ∼15 field stars fall within the selected bounds of the cluster radial velocity distribution. This is a rough scaling, but it reproduces reasonably well the A&A 598, A68 (2017) field star velocity distribution, including the long tail of the observed field star distribution toward higher radial velocities typically observed in the disk. The reverse scenario, where member stars which are spectroscopic binaries happen to fall outside of the cluster radial velocity distribution, is also possible; however, this possibility will not affect conclusions drawn in this work.
Atmospheric parameters
Effective temperatures were determined for 31 of the 60 GIRAFFE radial velocity members; atmospheric parameters (when available) are listed along with metallicities, coordinates, photometry, and velocities in Stars 74 and 86 may be binary members, but we will consider them non-members for the purpose of evaluating cluster parameters. Stars 56, 89, 131, and 147 are more than 4σ from the mean cluster radial velocity, so we consider them non-members. With a Galactocentric distance of only 6 kpc, Tr 23 is one of the few intermediate-age clusters we can use to probe the inner Galactic disk. Its clear super-solar metallicity makes it especially interesting in the context of the behavior of the abundance gradient inside the solar circle. Magrini et al. (2010) , from a new sample of three inner disk open clusters, along with a selection of clusters from the literature, found evidence that the gradient increased strongly toward the Galactic center, but their sample included only one cluster inside 6.5 kpc, and only three inside 7 kpc. The GES survey now provides abundances on a uniform metallicity scale for nine clusters inside this limit, with Tr 23 being among the three closest to the Galactic center. As shown in Jacobson et al. (2016) , this GES cluster sample can be described by a linear relationship of increasing metallicity with decreasing Galactocentric distance with a slope of −0.10 ± 0.02 dex kpc −1 . The abundance of Tr 23 falls neatly on this relationship, substantiating the gradual rather than a steepening increase in metallicity in these innermost regions.
Re-determined cluster parameters
With radial velocity membership and [Fe/H] determinations as a guide, we have determined a refined set of cluster parameters from the member CMD. Member selection narrows the main sequence (MS) somewhat (see Fig. 1 ), although the width still allows for some degeneracy in CMD fitting. Carraro et al. (2006) suggest that stars in the field of Tr 23 past the main-sequence turn-off (TO) might be blue stragglers, but all of the objects observed by GES in this region are radial velocity non-members, so these may in fact be mostly field stars. None of the seven potential blue stragglers observed have determined metallicities; only one has a RV within 4σ of the cluster average, and the others are more than 10σ from the cluster RV. There are also four GIRAFFE radial velocity members that appear to be evolved stars based on their photometry. Two of these stars have determined atmospheric parameters: one appears to be on the subgiant branch and has parameters that are consistent with its location on the CMD. The other, star 18, which is marked as an open circle in Fig. 1 , appears to be on either the giant branch or AGB but has parameters that would indicate it is actually a dwarf; it is likely an interloper hidden in the radial velocity distribution of the cluster. We did not include this star in the isochrone fitting. The two apparent giants without atmospheric parameter determinations were treated as members.
The red clump is pronounced and well-populated, but also appears unusually extended, covering ∼0.7 mag in V and 0.3 in V − I. As mentioned above, the width of the MS (∼0.2 in V − I) is much larger than the photometric errors for V < 18, and may be attributable to DR or a high cluster binary fraction. We discuss the binary possibility at the end of the section. If the cause of the width of the MS is DR, one might expect stars on the redder side of the MS to appear in different locations on the sky than stars on the apparent blue side of the MS. Figure 4 shows main sequence members with 16 < V < 18 divided into two groups, a blue edge and red edge of the MS, and the location of stars in these two groups on the sky. The two color groups appear to separate into four stripes on the sky, with the DR mainly occurring along the declination axis as found by Bonatto & Bica (2007) , although the size of the cluster (and the plot in Fig. 4 ) is significantly smaller than the 80 × 80 area on the sky they use to examine the DR. The Galactic plane is at an angle of ∼−27 o from the axis of right ascension in this figure, so the direction of the DR corresponds to Galactic latitude, with stars on the red edge of the MS appearing in two groups at higher average latitudes than stars on the blue edge of the MS. At a distance of 2.2 kpc the angular extent of radial velocity members corresponds to 6 parsecs. Tr 23 is only 50 pc above the plane, so it is likely that reddening would vary with shallow angles out of the plane; DR of this magnitude (A V ∼ 0.5) in the direction of the bulge has been reported across small fields on the order of parsecs (Ortolani et al. 1990; Gonzalez et al. 2012) . The spread in V and V − I of the clump also roughly correspond with the dimensions of the reddening vector shown in Fig. 1 (left panel) .
We have attempted to correct for DR in the field of Tr 23. For a complete discussion of the methods used, we refer the reader to Donati et al. (2014) ; briefly, we selected an area of the MS below the TO but above areas of highest field contamination and set A68, page 5 of 18 A&A 598, A68 (2017) Left panel is PARSEC isochrones of 0.7, 0.8, and 0.9 Gyr; middle panel is BASTI isochrones of 0.5, 0.6, and 0.7 Gyr; right panel is Dartmouth isochrones of 0.55, 0.65, and 0.75 Gyr in green, blue, and red, respectively. Adopted reddening and distance moduli are given in Table 1. a fiducial line along the MS, then iteratively calculated the median DR for each MS star and a group of its nearest neighbors, and binned the results on the sky to get the final corrections. However, our corrections for the DR effects did not yield a marked improvement in the definition of the MS when considering all stars in the field or the member stars only (which go out to 6 from the cluster center; see Fig. 1 ). Therefore, we fitted isochrones and derived cluster parameters based on the uncorrected photometry, fitting the blue edge of the MS which seems reasonably well defined. We do not have membership determinations for enough clump stars to look at the possibility of DR as a cause of its extended V mag range, but seven of the ten apparent clump stars fall in a fairly narrow range in V − I of 2.00 to 2.08. We can thus use the red clump for a reasonable assessment of the general reddening across Tr 23, though we estimate the error in the reddening conservatively. The algorithm we use for the DR correction does consistently estimate a reddening variability of ±0.1 in V − I, which matches well the width of the clump in V − I and our estimated uncertainty on our E(V − I) discussed below. We have used PARSEC (Bressan et al. 2012) , BaSTI (Pietrinferni et al. 2004) , and Dartmouth (Dotter et al. 2008) isochrones to determine the age, reddening, and distance of Tr 23 based on the selected member stars and cluster metallicity. Metallicity values were set relative to a solar Z = 0.0152 where possible; an input of Z = 0.021 was used for the PARSEC and Dartmouth models, and the closest option of Z = 0.0198 was selected for the BaSTI models. The isochrones were also selected to have a solar [α/Fe] ratio (see Sect. 7.2). Figure 5 shows the cluster CMD with Carraro et al. (2006) photometry for stars within 6 of the cluster center in gray, cluster members as black circles, non-members as orange dots, and selected isochrones for each model set in blue, with intervals corresponding to ±0.1 Gyr in red and green. Table 1 gives the best fit parameters for each isochrone, and values found in the literature.
The PARSEC 0.8 Gyr isochrone provides a good fit to the TO and a reasonable fit to the blue edge of the lower MS. The reddening can be adjusted to provide a good fit to the center of the red clump, as well as the star that appears to be on the red giant branch. The E(V − I) for this fit is 1.02 +0.14 −0.09 , where errors are based on fitting either edge of the clump as defined by the ten UVES radial velocity members; two of these that are separated from the group in (V−I) cannot be well fit by any of the isochrones while also fitting the main clump. This is likely due to DR, so the errors on our reddening estimates encompass the DR effects on the field. We have used the extinction coefficients of Dean et al. (1978) to derive an E(B − V) of 0.82
−0.08 . The apparent distance modulus for this fit is (m − M) V = 14.15, with a corresponding solar distance of 2.1 kpc.
The BaSTI 0.6 Gyr isochrone provides a good fit to the lower main sequence and TO region, but the giant and subgiant branches are not as well fit. Here, we use the BaSTI models with convective overshooting in order to obtain a good fit to the lower main sequence. The E(V − I) required to match this isochrone to the red clump is 1.09 
Model
Age we have derived from each of the three models are thus also in agreement.
We can check the ages we have determined with each set of isochrones by plotting HR diagrams. Figure 6 shows the same models as in Fig. 5 in log(g) vs. T eff space, with GIRAFFE and UVES stars with atmospheric parameter determinations overplotted. The errors on many of the points are large enough that these diagrams are not extremely useful in determining the age, but all stars are consistent with these sets of parameters within their error bars and the uncertainties on the isochrone age. The PARSEC isochrones fit the clump star gravities better than the BaSTI and Dartmouth models, which appear to slightly underestimate clump gravities by ∼0.1 dex. We can also check our reddening determination with UVES effective temperatures; using the color-temperature relations of Alonso et al. (1999) , we find V − I colors for UVES member stars and use these to find a simple reddening estimate. In this way we find a typical E(V − I) of 1.09±0. 07 (s.d.) . This is consistent with the reddening derived by isochrone fitting for all three sets of isochrones, with a range in calculated E(V − I) of 0.19. Errors in effective temperature of ∼100 K could also change the calculated E(V − I) by 0.04 mag.
It is notable that, although the UVES member stars occupy a small range in temperature (∼150 K excluding a single outlier in Fig. 3) , there is a spread in log(g) of about 0.4 dex. The typical errors on stellar gravities for the UVES stars are ∼0.2 dex, so this is not a highly significant spread, but it is also worth considering the evolutionary effects that might cause a real spread in red clump gravities. Girardi et al. (2000b) examine the V magnitude spread in clump stars in OCs NGC 752 and NGC 7789, and postulate that although OCs show no evidence of different age stellar populations that would lead to a stellar mass difference large enough to cause a separation in the clump, mass loss on the RGB is not well understood and it may be possible that some stars in an intermediate age OC would lose enough mass to undergo a helium flash while other cluster stars with slightly more mass would not. Stars that do experience a helium flash would of course be significantly more luminous than those that do not, and this effect would cause a difference in the V magnitude of the lower mass stars as well. The limit for core helium flash to occur is ∼2.0 M , and our model isochrones predict a clump star mass for Tr 23 of 2.3 to 2.5 M without significant mass loss. This effect of a secondary red clump has only been observed in clusters older than 1 Gyr, most recently in NGC 419 (∼1.4 Gyr; see Girardi et al. 2009 ), so this is a less likely explanation for the V mag dispersion of the clump than DR or binary stars. There are several evolutionary effects that would cause mass loss prior to the red clump stage (see Donati et al. 2014 ), but these scenarios still would not involve mass loss of the degree necessary for an OC < 1 Gyr old.
For all three models we estimate an error on the ages of 0.1 Gyr, as that is the smallest difference that visibly affects the quality of the fit given the width of the main sequence. The ages we have derived using the three different sets of isochrones are consistent with each other, as are the reddenings. The error on the distance modulus is difficult to determine given the width of the MS and V mag range of the clump, but we have chosen 0.2 mag because that is the amount required to shift the isochrone vertically by the margin seen in the example fits to the MS in Fig. 5 . This results in an error on the solar distance of 0.2 kpc, and an error on the Galactocentric distance of 0.15 kpc. None of the three models fit the member photometry perfectly, but the PARSEC models provide the best overall fit, so we adopt a cluster age of 0.8 ± 0.1 Gyr, an apparent distance modulus of 14.15 ± 0.20, and a solar distance of 2.10 ± 0.20 kpc.
These cluster parameters are consistent with those in the literature except for the reddening; the PARSEC E(B − V) of 0.82 As the cluster appears to have variable reddening, it is perhaps not surprising that the calculated reddening would vary depending on the fitting method. Even with member selection, the MS is still broad in (J − H) and the clump spreads across ∼0.7 mag in J. Fitting isochrones to J, J − H and J, J − K space gives little additional leverage on cluster parameters, partly because of the lack of narrowing in the clump and MS and partly because models predict less change in these colors with cluster age, so we do not utilize this parameter space. It is useful to note that since none of the studies of Tr 23 use B photometry, these E(B−V) values are subject to differences in color conversions. When fitting isochrones to the 2MASS photometry of members we observe an E(J − H) of 0.21 for Tr 23 while Bonatto & Bica (2007) find an E(J − H) of 0.18; this is within the errors we would expect due to the size of the clump in (J − H) of ∼0.1 mag.
It would seem that the field of Tr 23 either has strong DR or the width of the MS is caused by effects unrelated to extinction. The width of the lower member MS in both (V − I) and (J − H) might be explained by binaries, as a variation in V of 0.75 mag caused by pairs of equal-mass stars would encompass most member stars with V below 16. However, there is a clump of stars with 15.5 < V < 16 that are too far from the MS to be fully explained by binary stars. If we assume that the separation between the two apparent main sequences shown in Fig. 4 is entirely due to binaries, the binary fraction of the cluster would be at least 30%. This would appear to require the maximum separation of 0.7 mag (i.e., equal mass stars) for most of the ten stars we have marked as the reddened MS, so the actual binary fraction of the cluster might be significantly higher. Observational estimates of the fraction of short-period (<10 4 days) binaries in OCs typically fall at ∼20% (Duchêne et al. 1999; Mermilliod et al. 2008; Milliman et al. 2014) ; total binary fractions may be substantially higher. A mixture of DR and binary widening of the MS is perhaps the most likely scenario, and could explain well the full extent of the MS; however, the two effects are difficult to disentangle without more extensive cluster membership data. give stellar abundances of UVES cluster radial velocity members for light and α elements, Fe peak elements, and neutron-capture elements, respectively. The errors for each stellar measurement are based on the line-by-line abundance variations and differences in stellar abundances between abundance analysis nodes. Some abundance measurements (C i) are based on the measurements of a single node but most involve contributions from multiple nodes. The stellar error is then calculated by taking the median absolute deviation (MAD) of different node measurements of line abundances. For a set of abundances for one line from different nodes, the absolute values of the differences between the individual values and the group median are combined and the medians of all of these values is taken as the stellar error. Table 2 gives cluster averages, standard deviations, errors on each cluster mean (representative of internal errors), and the median stellar error on the abundance (more representative of external errors) for each species measured relative to iron. Reference solar abundances from Grevesse et al. (2007) are also given.
Abundance analysis
The Tr 23 averages and dispersions are based on the ten UVES radial velocity members as indicated in Table A .3; we note that cluster standard deviations and errors on the mean are based on the stellar measurements of the element only, and do not include errors on Fe or errors due to atmospheric parameter errors. In the following discussion, we reference the standard deviations as errors on the given cluster average abundances since these more closely reflect the stellar abundance errors (due to different measurement techniques and line-by-line analysis as described in Sect. 3).
Star 128 is about 300 K cooler than the other nine clump stars that are radial velocity members. Its abundances differ from the other clump stars for several elements; it is 2σ from the cluster average for C, Na, Co, and Ni. However, given the number of stars considered, we might expect one cluster member to be outside of the 2σ boundary for at least some elements. Figure 7 shows [X/H] ratios for clump stars vs. [Fe/H]. Members are marked as filled circles; stars 74 and 86 have velocities 2 to 3σ from the cluster mean but may be binary cluster members, so we mark them on the element distribution plots as open circles. These two stars do not distinguish themselves from the radial velocity member abundances in any clear way; star 86 is 2σ from the cluster average Y ii, but again the deviation for a single element is not significant in itself.
We do not see any evidence of a spread in cluster abundances for the elements measured; in Table 2 the standard deviations of [X/Fe] ratios are smaller than the median stellar error for all elements except sodium. The standard deviation on the cluster [Na/Fe] abundance is slightly higher than the median stellar Na error, but this difference is probably not significant, as any real enhancements in stellar Na within the cluster should occur along the RGB. Assuming that all stars targeted with UVES are indeed clump stars, we do not expect to see large variations in [Na/Fe] as the stars are all in the same evolutionary state. Figure 8 shows cluster averages for Tr 23 and four innerdisk OCs analyzed in previous GES papers vs. atomic number; agreement is generally good except for a few elements discussed in the following sections. We note that this figure is based on iDR4 abundances, with averages re-calculated from member stars selected in Friel et al. (2014; NGC 4815 
Light elements
We find cluster averages for carbon and oxygen of −0.15 ± 0.09 dex and +0.08 ± 0.07 dex respectively. Tautvaišienė et al. (2010) Smiljanic et al. (2016) and find a typical correction Na NLTE −Na LTE = −0.10 dex for Tr 23 clump stars, and a cluster average [Na/Fe] NLTE of +0.42 ± 0.08 dex. Smiljanic et al. (2016) also study Na abundances for field dwarfs and giants and find that giant abundances are systematically higher than dwarf abundances for a range of metallicities. Some mixing of products of the NeNa cycle is expected during the first dredge-up stage (El Eid & Champagne 1995) , so Na increases in giants may be a real result of stellar evolution, or partly real and partly due to systematic effects. Models of [Na/Fe] for different stellar TO masses from Lagarde et al. (2012) Lagarde et al. (2012) rotational mixing models predict for its turnoff mass (M TO = 2.1 M ; see Table 1 ), but it falls within the giant field star and OC distributions in Smiljanic et al. (2016) and follows the same general trend of increasing [Na/Fe] abundance with increasing TO mass.
We find an [Al/Fe] abundance of +0.20 ± 0.05 dex; compared to OC aluminum abundances in Smiljanic et al. (2016) , which are based on a solar (Al) = 6.44, the Tr 23 average is typical for solar-metallicity field giants, though it is on the upper edge of the dwarf star distributions in Smiljanic et al. (2016) • and Bensby et al. (2014) . Once the typical NLTE correction for giants from Smiljanic et al. (2016) of −0.05 dex is applied, the cluster average on that scale becomes +0.08 dex, supporting their finding that OC giants are not enhanced in [Al/Fe] relative to model predictions of Lagarde et al. (2012) . Magrini et al. 2014 ) compared to other α-elements by about 0.2 dex. We note that three Mg lines at ∼6300 Å which are commonly measured via equivalent widths may be affected by a Ca autoionization feature that increases the measured abundances by about 0.2 dex in solar metallicity red giants (Overbeek et al. 2015) . However, Magrini et al. (2015) note that O and Mg are almost entirely produced in type II supernovae while Si, Ca, and Ti can have considerable contributions (50 to 70%) from SN Ia; Tr 23 abundances for these two groups are consistent with each other within errors. α-element measurements for the three previously mentioned inner disk GES OCs were presented in Magrini et al. (2014) inner disk and bulge. Cepheid data from Andrievsky et al. (2002) also indicate that [α/Fe] ratios in the inner disk are roughly solar and show little relationship with R GC .
α-elements
Fe peak elements
Sc, V, Cr, Mn, Co, and Ni ratios to Fe are all roughly solar. The inner disk clusters also show little variation in these abundances.
Neutron-capture elements
Y, Zr, Mo, Ba, La, and Ce are majority slow neutron-capture (s-process) elements. There are multiple nucleosynthesis pathways for s-process elements (see, e.g., Travaglio et al. 2004 ), but AGB stars are thought to be the most significant contributors for young clusters. There is a continuing debate about the size of the contribution from AGB stars; supersolar abundances measured in young OCs for some elements, primarily Ba, suggest that the role of low-mass AGB stars is larger than once thought (D'Orazi et al. 2009; Maiorca et al. 2011; Mishenina et al. 2015) . However, other s-process elements do not always show the same enhancement. Jacobson & Friel (2013) measured [Zr/Fe] and [La/Fe] abundances in a sample of 19 OCs and found that the scatter in cluster abundance, particularly for ages <3 Gyr, is larger than the magnitude of the trends in these elements with age.
OCs younger than 3 Gyr are generally found to have solar or supersolar s-process abundances (Maiorca et al. 2011) ; Tr 23, however, is subsolar in all measured s-process elements except Ba. We may further subdivide s-process elements into light (Y, Zr, Mo) and heavy (Ba, La, Ce); each of these groups should have very similar abundances. The neutron flux inside AGB stars, as well as the metallicity (i.e., the number of Fe "seeds" for neutrons to build on), may affect the relative abundances of the light vs. heavy elements, but the abundances of nuclei of similar atomic weight should strongly correlate. We plot GES cluster averages for neutron-capture elements with age along with literature data from Maiorca et al. (2011; Y, Zr, La, and Ce), D'Orazi et al. (2009; Ba) , and Overbeek et al. (2016; Mo, Nd, and Eu) in Fig. 9 . Colors for GES OCs in Fig. 9 are the same as Fig. 8 except that M67 is marked in blue (the M67 average is based on giant stars only). The error bars in Fig. 9 represent the standard deviations of stellar abundances; the errors on mean cluster abundances are sometimes smaller than the points, particularly for Tr 20 (42 member stars) and N6705 (27 member stars). All literature abundances have been placed on the solar abundance scale of Grevesse et al. (2007) . We see in Fig. 9 that the GES clusters, and particularly Tr 23, have lower s-process abundances than literature clusters of the same ages. If we look specifically at M67, which is represented in Fig. 9 in the literature sample as well as the GES sample (at 4.3 Gyr), we see systematic offsets between the GES and literature abundances, particularly for the light s-process elements. The GES M67 abundances are lower than found by Maiorca et al. (2011) and Overbeek et al. (2016) by 0.1 to 0.2 dex for the light s-process elements, and if we consider these as indicative of systematic offsets between the GES and literature abundance scales, the GES clusters are not significantly lower in light s-process elements than literature clusters of the same ages. However, the M67 heavy s-process element abundances of the two samples agree well, and the younger GES OCs have lower average abundances than literature clusters in their age group. Tr 23 in particular falls below the range of literature abundances for Ba, La, and Ce. We also see a suggestion of large [Ba/Fe] increases (∼0.4 dex) for the youngest two GES clusters (N4815 and N6705) relative to the older clusters, which is not reflected in La or Ce abundances, or the light s-process elements.
In Fig. 10 we plot the same GES and literature data against Galactocentric radius using the same colors and abundance error bars as in Fig. 9 Nd is a mixed r-and s-process element, and Eu is a majority r-process element, with 42 and 98% solar abundance formed via the r-process, respectively (Sneden et al. 2008) . r-process elements are formed in high neutron flux environments, most likely type II supernovae or neutron star mergers. Because these involve different mass ranges of stars than the s-process we necessarily expect relationships of r-process element abundances with cluster age to be different than for the s-process. For Tr 23, we find a solar [Eu/Fe] ratio of 0.00 ± 0.08 dex and slightly subsolar [Nd/Fe] of −0.12 ± 0.16. These are similar to the other GES OC abundances in Fig. 8 , although Tr 23 still has the lowest abundances for both elements. In Fig. 9 we see that the Tr 23 [Nd/Fe] abundance is within the literature OC distribution although it is on the low end; the other GES clusters match the literature Nd distribution well. The [Eu/Fe] abundances for Tr 23 and the other GES OCs are higher than literature abundances, but if we correct for the apparent offset in measured M67 Eu abundances, the GES OCs are only slightly enhanced in Eu relative to the literature abundances for young clusters.
In Fig. 10 , [Nd/Fe] does seem to increase with Galactocentric radius, largely due to clusters more than 14 kpc from the Galactic center and especially Be 31 (at 16 kpc) which is based on a single star displaying unusual abundance patterns (Overbeek et al. 2016; Yong et al. 2005) . For [Eu/Fe], the intermediate age clusters do show some increase with R GC ; the youngest clusters do not appear to have a gradient, but they also do not probe the outer regions of the disk (beyond 13 kpc) where we see significant increases for older clusters.
It would seem from these data that the inner disk clusters are modestly enhanced in Eu and significantly deficient in heavy s-process element abundances relative to other OCs of similar ages. The scatter in the inner disk clusters, however, is similar to scatter in young clusters in the literature for both r-and s-process elements. The scatter observed in neutron-capture abundances among the GES OCs of similar ages and similar Galactocentric radii (Br 81, N4815, N6705, and Tr 23 are all younger than 1 Gyr and within 7 kpc of the Galactic center) is significant given the small errors on the means; this scatter may be due to localized abundance inhomogeneities in the interstellar medium (ISM). Maiorca et al. (2012) model s-process yields for AGB stars of different masses and different mass C 13 pockets (the primary source of neutrons in low-mass AGB stars) and show that moderately metal-poor AGB stars of 2 M overproduce light s-process elements relative to heavy s-process elements, whereas a star of 1.5 M with a larger C 13 pocket would produce higher yields of heavy s-process elements than light s-process elements. They further note that the factors determining the size of the C 13 pocket in low-mass stars are not well understood or constrained by observations; it may be that the gas from which Tr 23 formed was preferentially enriched by higher-mass AGB stars which left it deficient in heavy s-process elements, although we would typically expect the inner disk to have old enough stellar populations so that very low-mass AGB stars could have already enriched the ISM. It is also possible that different low-mass AGB stars might have different C 13 pocket masses (the physical factors driving the pocket mass are unclear so there could be some variation) and produce the light and heavy s-process elements with different efficiencies.
Radial migration may also play a role in moderating any existing gradients and increasing scatter at different Galactocentric radii and ages. Most clusters, however, are not expected to move more than a few kpc and likely occur primarily in the outer disk (Bird et al. 2012) , so this cannot be the sole explanation for the behavior of heavy s-process elements in Tr 23.
Summary and conclusions
The Gaia-ESO Survey has provided the first spectroscopy of the inner disk open cluster Trumpler 23, which has only two existing photometry studies (Carraro et al. 2006; Bonatto & Bica 2007) it is only 20 pc above the plane of the Galaxy. We use Gaia-ESO radial velocity measurements to find a cluster systemic radial velocity of −61.3 ± 1.9 km s −1 (s.d.), and isolate 70 stars out of 167 observed as radial velocity members. We are also able to use GES atmospheric parameters to remove a field star present in the selected cluster radial velocity distribution. Based on our radial velocity membership criteria, we derive an [Fe/H] of +0.14±0.03 consistent with other OCs in this area of the disk.
Using only stars we have selected as radial velocity members, we re-determine cluster parameters by fitting PARSEC, BaSTI, and Dartmouth isochrones to V, V − I photometry from Carraro et al. (2006) . With these three sets of model isochrones, we derive ages from 0.60 to 0.80 Gyr, E(V − I) from 1.02 to 1.10, and distance moduli from 14.15 to 14.50. We adopt the PARSEC isochrone parameters of 0.80 ± 0.10 Gyr, E(V − I) = 1.02
−0.08 ), and (m − M) V = 14.15 ± 0.20 (d = 2.10 ± 0.20, R GC = 6.30). Our cluster parameters agree within the errors with determinations from both previous photometry studies except for the Bonatto & Bica (2007) E(B − V) which is substantially lower than ours at 0.58 ± 0.03. However, the Bonatto & Bica (2007) reddening is based on isochrone fitting to 2MASS J, H, K photometry, and the color relations used may be the source of the discrepancy. We find an apparent spread in the lower MS which is likely due to broadening from both DR and binaries.
We also present ten member star abundances for 23 elements plus iron, based on high-resolution UVES spectra. We find that the cluster has an approximately solar [α/Fe] typical of open clusters; because our high-resolution data was taken for clump stars only we cannot examine changes in C or Na with evolutionary state, and we find no evidence of internal spread in the cluster for any elements. Tr 23 has a solar r-process ratio (as measured by Eu) but appears to be deficient in s-process elements, particularly La, Ce, and Ba; this may be due in part to radial migration, localized enrichment of the ISM, or varying efficiencies of neutron sources in AGB stars. 
